Introduction
Wheat is the most widely grown cereal crop in temperate environment. Wheat is grown as winter crop in tropical and sub-tropical countries; high temperature stress is one of the most disadvantageous factors for the production and productivity. In India, a substantial wheat area is under delayed planting facing late heat stress, which is caused mostly by cultivation of long duration paddy varieties. (Joshi et al. 2007) . Yield penalties are associated with both chronically high temperatures (mean temperature of the growth cycle being 18°C-25°C, and maximum day temperatures up to 32°C during grain filling) as well as heat shocks, where temperatures are greater than 32°C occuring during mid or late reproductive wheat stages, including grain filling (Wardlaw and Moncur 1995) . The crop species have adapted several morphological, biochemical, physiological and genetic mechanisms to overcome high temperature stress. Plants are equipped with specialised epidermal cells called guard cells surrounding minute pores called stomata, which are found in leaves and stems of the plant. The major mechanism adopted by the plants to keep themselves cool is by keeping the stomata open. This anatomical adaptation permit gas exchange (water loss, carbon dioxide uptake, oxygen release or uptake) between atmosphere and interior part of the leaf. The function of gas exchange is called stomatal conductance (Taiz and Zeiger 1991) . When ambient temperature is more than plant temperature, stomatal conductance is enhanced which promotes evaporative cooling of leaves to thereby reduce heat stress (Radin et al. 1994 ). There is a strong relationship between stomatal conductance (SC) and canopy temperature (CT) since stomatal conductance has a direct effect on transpirational cooling (Amani et al. 1996; Fischer et al. 1998 ). The differences in the vapour pressure deficit between canopy and atmosphere as well as chemical signals synthesized in dehydrating roots, regulate stomatal aperture and therefore water flux to the atmosphere. Consequently, a plant is able to tolerate heat stress to some extent by lowering tissue temperature and frequently by creating signals for changing metabolism (Hasanuzzaman et al. 2013) . [Vol. 76, No. 3 Positive relationships between grain yield and SC were observed under irrigated environments for cotton, wheat and other crops (Radin et al. 1994; Reynolds et al. 1994; Morrison et al. 1999) . Stomatal conductance has been proposed as a selection tool, when measured on multiple plants in a canopy, is equally effective as carbon isotope discrimination or canopy temperature (Condon et al. 2007 ). The heritability of stomatal conductance is reasonably high, with reported values typically in the range of 0.5 to 0.8 (Rebetzke 2003) . In a way, we can select individual plants of segregating generations for cooler canopies in later generation. Considering the importance of SC and its relation with yield under heat stress, the objective of the present study was to evaluate wheat genotypes for stomatal conductance at different temperature under Indian field conditions and to assess the relationship between SC and canopy temperature. This study will help in identifying genotypes with high stomatal conductance and cooler canopies.
Materials and methods

Experimental material and site
The experimental material for the present study comprised of 36 bread wheat genotypes, of which ten genotypes taken from international core set for abiotic stress developed by International Maize and Wheat Improvement Centre (CIMMYT), Mexico and 26 elite Indian genotypes released for different agro-ecological conditions except FLW18 (Singh et al., 2011) . The experiments were conducted at experimental farm, ICAR-Indian Agricultural Research Institute, New Delhi, India. The latitude of the research farm is 280 38'23"N, longitude 770 09'27"E and altitude is 228.61 m above mean sea level. The experiment was laid out in a 6×6 simple lattice design with two replications and two dates of sowing with the help of Weintersteiger seed drill. The crop was sown on 15 th November (Timely sowing-TS) and 6 th January (late sowing-LS) to create temperature effect during growth stages. Standard cultivation practices prescribed for wheat under irrigated conditions were precisely followed.
Stomatal conductance measurement
Stomatal conductance was measured using steady state SC-1 leaf porometer (Decagon Devices, Inc. USA) version 9, 2005. The SC-1 leaf porometer is a batteryoperated menu-driven device that measures stomatal conductance of leaves in mmol m -2 s -1 . Three reproductive stages viz., late boot (Z 49-50), early milk (Z 73) late milk stage (Z 77) were considered for recording SC from the flag leaf. Measurements during heading and anthesis were avoided to overcome the confounding effects of phenology. Three randomly chosen flag leaves from three plants per plot were labelled. Utmost care was taken to select leaves, which were fully exposed to sunlight and border leaves were avoided. The sensor head was calibrated in the experimental plot before taking the measurement as per the company's protocol. The sensor head was placed on the leaf surface for 30 seconds to record conductance. Measurements were made from upper (adaxial) surface at the middle portion of the flag leaf. Recordings were done for three consecutive days in each stage to add additional replication and to avoid the variation due to differences in genotypes. Infrared thermometer was used to record canopy temperature. All the measurements were made between 11.00 to 14:00 hours in the absence of clouds.
Phenology and grain yield
The number of days to anthesis and maturity were determined from 50% seedling emergence to when 50% of the spikes had reached anthesis and when 50% of the spikes showed complete absence of green respectively. The data for grain yield per plant were recorded as the average of five plants selected randomly including the plants from which SC was measured. Relative per cent change in SC and yield due to late sowing were worked out as change in genotypic mean under late over timely sowing and expressed as per cent of mean of timely sowing. Heat susceptibility index (HSI) of individual genotype was worked out using Fischer and Maurer (1978) formula: (Table  2) . Similarly, there was significant variation in SC across three stages and the interaction with genotypes also resulted in significant differences.
Statistical analysis
When ANOVA was done to partition the variation due to year and its interaction effect along with two sowing dates and 36 genotypes (Table 3) , the variation due to year and its interaction with genotypes was non significant (P>0.05). This implies that weather parameters during two seasons of observation did differ to a greater extent and reduced heterogeneity in SC and other traits. The data on SC was pooled for two season and genotype wise mean SC was estimated for further analysis. Prior to pooling the data was tested for homogeneity of variances.
Mean stomatal conductance of genotypes were averaged over two years for three growth stages along with genotypic ranks are given in Tables 4 and 5 Rebetzke et al. (2003) advised the preliminary studies to measure leaf conductance at different growth stages of the crop cycle to ascertain best expressed differences between genotypes. In general, stomatal conductance is more in plants during their peak vegetative stage as observed in late boot stage and decreases along with maturity due to senescence of leaves. In our studies also, genotypes had higher SC in late boot stage in both the sowing condition and later decreased over early milk and late milk stage as leaves proceed towards senescence. Nevertheless, there were genotypic differential responses. Under timely sown condition, the contrast between boot and early milk stage was positive and significant for most of the genotypes; however, six and two genotypes have negative, significant and negative non significant contrast respectively. The contrast between early milk and late milk stages was negative for 16 genotypes in which three among them were non significantly contrast. It was observed that none of the genotypes expressed stable stomatal conductance across the growth stages and there was variation in terms of growth stages. This variation is very clear to understand the differences in genotypic response for stomatal conductance to increasing temperature. As the daily maximum temperature increases from late boot to early milk and late milk due to seasonal changes (Table 1) , the genotypes recorded higher SC to maintain transpiration cooling. The genotypic differential response is mainly due to their variation in genetic makeup.
Under late sown condition, the contrast between late boot and early milk stages was negative for nine genotypes where, two were non-significant. The positive contrast was high for most of the genotypes, but unexpectedly genotype GW273 exhibited significant negative contrast. Since the genotype is adopted for timely sowing under irrigated condition (Singh et al., 2011) , elevated SC during later stages is observed responding to increased temperature due to late sowing during early milk stage. The contrast between early milk and late milk stage was positive and highly significant for all the genotypes. Though four genotypes maintained stable and low SC from late boot to early milk stage, but this stability did not proceed to next stage. SC recording from timely and (Aphalo 1991) . Therefore, during late sowing condition, SC was low. It has been reported that heat stress is associated with premature leaf senescence in wheat (Harding et al. 1990; Reynolds et al. 1994) . Chakrabarti et al. (2013) (Blum 1986 ). Genotypes showing high SC are due to their inherent capacity for adopting to heat stress through evoporational cooling (Radin et al. 1994) . Plants with higher SC promote evaporative cooling and thereby reduce thermal stress (Reynolds 2001) . In late sown condition the temperature is high in boot stage itself and further increases in later stages, the genotypes have to maintain an optimum range of stomatal conductance to maintain transpirational cooling without much transpirational losses. Therefore SC was low among all the genotypes in all the growth stages under late sown condition when compared to timely sown condition. The closure of stomata may increase leaf temperature depending mainly on the radiation load on the canopy but will result in a better water economy or increased transpiration efficiency (Condon et al. 2004) . Heat stress tolerance adaption mechanisms like leaf rolling, leaf drooping, which was observed in late sown crop also effected SC. Nevertheless under heat stress condition, early senescence is observed resulting in drop off in SC. Genotypes which can tolerate heat exhibit late senescence and therefore maintain optimal stomatal conductance, so that photosynthetic activity is continued for grain filling. Under heat stress condition, the genotypes such as KAUZ/AA//KAUZ, FLW 18, BERKUT, RAC 875, HD 2864 and RAJ 3765 maintained high and optimum SC over the growth stages. High stomatal conductance permits leaf cooling through evapotranspiration; this along with higher leaf chlorophyll content and stay green are associated with heat tolerance (Reynolds et al. 1994) . SC is a direct function of evap-transpiration rate and cool canopy which is determined by a number of physiological and metabolic processes such as photosynthetic rate, vascular capacity, etc., High SC under heat stress may be indicative of a high demand for photo-assimilation caused by many, rapidly filling Grain yield per plant, kernel number per spike (KNPS) and kernel weight per spike (KWPS) was significantly affected due to staggered sowing across the genotypes ( Table 2 ). The genotypes were grouped into three categories based on the heat susceptibility index for grain yield (HSI): heat tolerant (HT HSI < 0.75), moderately heat tolerant (MT HSI > 0.75-< 1.10) and heat susceptible (HS HSI > 1.10). Among 36 genotypes, 8 were heat tolerant, 14 medium heat tolerant (MT) and the remaining 14 were heat susceptible (HS), respectively. Genotypic response to heat stress was presented as relative percent change in SC under late sown condition over timely sown condition (Table 6) . Heat tolerant genotypes which maintained relatively higher SC under stress condition have lower percent change over normal condition. Heat susceptible genotypes recorded low SC under stress and therefore relative percent change over normal condition was high. Response curve for relative percent change in SC drawn over percent change in KWPS due to heat stress shows significant relationship (Fig. 1) .
Association of Stomatal Conductance with canopy temperature (CT) and grain yield related traits
Canopy temperature is highly suitable for selecting physiologically superior genotypes in warm, low relative humidity environments, where high evaporative demand leads to leaf cooling of up to 10°C below ambient temperatures. This permits differences among genotypes to be detected relatively easily using infrared thermometry. However, such differences cannot be detected in high relative humidity environments because the effect of evaporative cooling of leaves is negligible. Nonetheless, leaves maintain their stomata open to permit the uptake of CO 2 and differences in the rate of CO 2 fixation may lead to differences in leaf conductance that can be measured using a porometer (Reynolds et al. 2001) . Unlike canopy temperature, stomatal conductance is measured on individual plant and therefore increases the precision and helps in selection of plants with high or low conductance thereby improving the genotypic effect for CT. Finally, genotypes with higher SC will have cooler canopies and are suitable for late and very late sowing under irrigation, terminal heat stress in Indian wheat cropping pattern. The handheld porometer provides rapid measurement of leaf stomatal conductance under irrigated conditions (Rebetzke et al. 2000 ). Pearson's correlation coefficients between SC under timely sown and CT significantly correlated during late boot (r = -0.64**), early milk (r = -0.63**) and late milk (r = -0.64**) stage. Correlations were significant for KWPS (r = 0.44**, 0.46**) and HSI (r = 0.37*, 0.40**) at late boot CT and late milk stage. Under late sowing condition correlations between SC at all growth stages were significantly correlated with CT, KNPS, KWPS and HSI (Table 7) . Stomatal conductance and grain yield was significantly correlated (r = 0.93; p<0.01) in (Reynolds, 2001) . Reynolds et al. (1994) obtained significant positive correlations between grain yield and SC measured at pre anthesis and post anthesis under heat stress. Amani et al. (1996) reported positive correlation between SC and canopy temperature depression; high and were significant correlation (r = 0.84) between grain yield and canopy temperature depression.
Phenological stages such as days to anthesis and days to maturity were shortened due to staggered sowing. Days to anthesis were 95.5±0.53 and 63±0.27 in timely and late sowing conditions respectively. Average days for maturity in timely sown was 132.1±0.95 and 86.36±0.4 in late sown condition. There was significant difference in atmospheric temperature and relative humidity during anthesis between timely sown and late sown condition (Student's t = -6.29, P< 0.001; t = 3.54, P < 0.001). To assess whether phenological stages had confounded effect on SC, data of early milk and late milk was analysed using as a covariate, days for anthesis and maturity. The covariate was not significant (P > 0.32-0.73) in any stage of development indicating that a value of SC was not systematically associated with anthesis. Reynolds et al. (1994) also reported decrease in SC along the growth stages when measured at booting, anthesis, post anthesis and grain filling in control and heat stress environments. In the present study a significant variation was found in the growth rate among the genotypes, but the effect of developmental stages on stomatal conductance was not significant at any of the phenological stages studied. This indicates that the genotypic differences in stomatal conductance for response to heat stress were not caused by differences in growth rate or phenology (Reynolds et al. 1994 , Araus et al. 2002 .
The study demonstrates stomatal conductance as an important physiological trait to select the best plants among best bulks of cooler canopy related to heat tolerance in crops. The handheld porometer provides rapid measurement of leaf stomatal conductance in irrigated condition. A higher value of SC under heat and irrigated condition is associated with cooler canopies and with higher yield. Therefore, genotypes with higher SC could serve as a source for future crop improvement programme for heat tolerance. Genotypes KAUZ/AA//KAUZ, SOKOOL, TEPOCA/ RABE and RAC 875 had higher SC. Indian genotypes HD 2932, HD 2987, FLW-18, HW 2004 and RAJ 3765 were equally potential. These genotypes can be utilized for breeding to introgress heat tolerance related traits (high SC) and to improve yield under warm climate condition.
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